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(

1 FTE - Lawrence A. Burns, $0K R&D 
with (unpaid) cooperation and assistance: 
– OPP ECOFRAM Implementation Team 
– Robert Ambrose (bbl transport, sediment) 
– Craig Barber (BASS) 
– Sandra Bird (AgDrift) 
– Robert Carousel (PRZM) 
– Lourdes Prieto 
– Luis Suárez database development software) 



• Replace expert opinion with a 

• 

• 

– 
– 
– 
– 

“consistent, predictable, trans­
parent” regulatory process 
Extend new chemical data to 
field conditions: Models 
Tier 1: GENEEC 

• Tier 2:  
AgDrift - aerial spray 
PRZM - in the field 
EXAMS - in the water 
BASS - fishes 

Note                                                      
These models are all close cousins; they are process-based, mechanistic
combine independent chemical and environmental properties (properties of application equipment for AgDrift) have developed databases published validation studies output data file transfers between models can be used either independently or in concert 



• 
– 

– 

• 
– 
– 

• 

Support of “Tier 2” exposure analysis 
Maintain AgDrift/PRZM/EXAMS as the core of 
Agency exposure assessment modeling 
Models both “stand-alone” and file-linked 

Database Modernization 
NRI agricultural crop/soil 
SAMSON/HUSWO meteorology (35 year) 

Migrating towards Tier 2 probabilistic, nation­
wide assessments (ECOFRAM) 



• 
0 

• 

Science Modernization 
– Green-Ampt infiltration, Penman-Monteith ET
– Sorption kinetics, bbl transport 
– New documentation and test of solar spectral 

irradiance code (photolysis, singlet oxygen) 
Technology Modernization 
– Modernize PRZM code (Fortran 95) 
– GUIs, link SubPart N/OECD data  requirements 
– Output graphics in probabilistic framework 
– Link model parameters to GIS data (MIMS) 



• 
accounting are the organizing principles 

• 
• 

PRZM/EXAMS “scenario” 
• 

Conservation of mass and full pathway 

Regional scale sets the framework 
Small watershed at the farm scale sets the 

Ecosystem scale defines the pathways, 
processes and phenomena for modeling 



United States Geological Survey 
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NOTE                                                                 
OPP uses the “constructed farm pond” as its primary ecosystem focus for evaluating aquatic exposure. Focus on this stratum of the entire universe of aquatic ecosystems is justified on the basis of proximity to treated areas, the ubiquity of these systems (their number probably exceeds 1,000,000 nation-wide) and their multiple uses: Constructed farm ponds are used for stock watering (as seen here), as a source of irrigation water, for water-contact recreation and angling by farm families and, in many cases, by the public, and they are a habitat resource for both resident and migratory  wildlife.






• 
• 
• 
• 
• 
• 

drainage areas 

Paul Hendley/ECOFRAM 

Multiple crops 
Multiple soils 
Surface drains 
Tile drains 
Drift barriers 
MLRA pond 
geometries and 

NOTE                                                      
VFS can be effective barrier against primary (spray plane) and secondary drift I.e., volatilization, wind-blown dust, cold air drainage




NOTE                                                 
Pathway analysis leading to scenario
(note inclusion of secondary drift in conceptual model)




Sandra L. Bird 



Primary Drift Secondary Drift 

• 
• 
• 

• 
controls 

• 

• 
• 
• 

• 

• 
factors affect drift 

Minutes to hours 
Near to medium range 
Independent of properties 
of active ingredient 
Application equipment 

Local meteorology at 
application is primary 
environmental driver 

Hours to weeks 
Near to long range 
Dependent on chemistry 
of active ingredient 
Independent of application 
equipment 
Many environmental 



AgDrift Current Version 
General Structure 

• 
• 
• 

• 
• 

• 
exposure issues 

• 

• 
• 

sprayer 
• 
• 

• 
• 

Primary drift only 
Near-field focus 
Developed for program 
office applications 
Developed in CRADA 
Developed as an 
ecological assessment tool 
Applicable to human 

3 tiers (screening, label 
mitigation, site specific) 
Mechanistic aerial application 
Empirical ground and orchard 

Windows interface 
Libraries (aircraft, meteor­
ology, drop size distribution,) 
Assessment utilities toolbox 
On-line help 



AgDrift Enhancements 

• 
• 
• 

and ecological exposure modeling 
• 

Mechanistic ground spray model 
Medium range drift model 
Seamless linkage to PRZM/EXAMS 

Improved nozzle modeling 



New, Longer-Term Enhancements 

• 
• 
• 

human health modeling framework 
• 

modeling 

Mechanistic orchard model 
Drift mitigation factors 
Human exposure tools; integration into 

Linked primary and secondary drift 



Robert Carousel 

• 
erosion, infiltration 

• 
– 
– 

• 
• 

– 
– 

solution 

Hydrology - runoff, 

Chemical transport 
multiple pesticides 
metabolites 

Volatilization 
Crop plants 

foliar gas exchange 
uptake from soil 

NOTE                                                            
VADOFT is connected ground water model




• 
– 

• 
• 
• 
• 

– 

• 

Crop phenology 
planting dates, ... 

Meteorology-Samson 
Agronomic practices 
Soil properties 
Pesticide use pattern 

application rate, … 

Chemical properties 



Improvements to PRZM Hydrology 

• 
• 

– 
– 

• 
– 
– 
– 
– 

Unchanged Since1982 
Two key empirical infiltration parameters 

USDA Curve Number Technique (CN) 
Water movement based on field capacity (FC) 

Combine four newer infiltration science advances: 
Chu infiltration model 
Clapp wetting front model 
Clapp and Hornberger soil water retention model 
Miller scaling theory 



PRZM Hydrology Modifications 

• 
– 
– K) of the wetted zone, the 

wetting front suction (y

– 
• 
• 
• 

Chu Infiltration Model 
Modified Green/Ampt 
Uses hydraulic conductivity (

), and the difference in the 
average soil water content before and after infiltration. 
Physical parameters 

Available from USDA databases 
Can be directly measured in the field 
Estimated from Clapp and Hornberger Soil Water Retention 
Model 



PRZM Hydrology Modifications 

• 
– 

– 

– 

upward or downward. 
– 

Clapp Wetting Front Model 
Subsurface distribution of soil moisture calculated from 
soil physics and basic hydraulic properties of soils 
Soil profile is portrayed as a series of “blocks”, each 
having a depth and a uniform soil-water content.  
Fluxes at individual moisture blocks are computed, and 
these flux values are used to move the wetting fronts 

The widths of the blocks change, representing a change 
in the average water content in response to the fluxes. 



PRZM Hydrology Modifications 

• Clapp and Hornberger Soil Water Retention 
Model 
– Soil water retention curve relating tension or suction y 

to volumetric water content q. 
• Miller Scaling Theory: taking 

KKSS,, qSS = Reference values= Reference values

KKSS
**,, qSS

** = Scale adjusted values= Scale adjusted values

SSss = Scale factor= Scale factor



PRZM Hydrology Modifications 

• Using scaling theory 
– Standard deviation s(SS) is used to derive a sequence of 

Ss values, each having its associated probability. These Ss 
are used to calculate a suite of KKSS

**,, qSS
** values from the 

reference values KKSS,, qSS

– Scale factor taken as log-normally distributed 
– the Clapp Wetting Front (sub-)model then simulates the 

water balance and computes water outputs for each 
realization of the soil-water parameters 



Exposure Analysis Modeling System 
Lawrence Burns 

• 

• 

• 
• 

• 
• 

core technology 

Loadings from PRZM 
and AgDrift 
Combines pesticide 
chemistry with aquatic 
ecology/limnology 
Parent and metabolites 
Limnetic and benthic 
exposure simulated 
Data transfer to BASS 
3MRA/TRACE(Wasp) 

NOTE                                               
Photolysis as example of process-based approach properties of chemical -- epsilon, phi properties of environment -- chlorophylls, CDOM, suspended  sediment integration across spectrum




• 
• 

– 

• 
– 

• 
– 

• 
– 

Loadings (rain, secondary drift) 
Water-Borne Transport 

linkage to hydrodynamic models 

Sediment Transport 
settling/resuspension, bbl exchange (3MRA/TRACE) 

Chemical Speciation 
sorption kinetics; multi-phase (sand/silt/clay; labile and 
refractory) models 

Transformation and Transport Losses 
physical (burial), chemical (photolysis), biolysis 



Bioaccumulation and Aquatic System 

• 

species, age-structured 

• 
– 
– 

Simulator (BASS) -- Craig Barber 

Growth, population 
and bioaccumulation 
dynamics of multi-

fish communities 
Ecological effects 

additive lethality 
growth depression 

– temperature  



• 
• 

Graphical User Interface (GUI) 
Scenario Building 
– Species databases: physiology, ecology, 

morphology 
– Canonical communities: species composition, 

food web structure, standing stocks 



• Coupled (internal) dynamic models for non-
fish components of aquatic ecosystems 
– benthos  
– phytoplankton (lakes and reservoirs) 
– periphyton (streams and wetlands) 
– zooplankton 



• (
• 
• 
• ide transport 
• 

consequent pesticide transport to streams and ponds 
• 

physi

• 

Spray drift estimation of off-target deposition) 
Crop interception and degradation/washoff on canopy 
Soil interception, pesticide degradation and sorption in soil 
Simulation of runoff, erosion and pestic
Simulation of subsurface drainage (e.g., tile drains) and 

Simulation of receiving water bodies: pesticide loading, 
cal dispersion, chemical and biological degradation, 

partitioning between limnetic and benthic subsystems 
Contamination of human and wildlife food chains 



• 
• 

National Resource 

– /soil association 

• 
Meteorological 
Surface Observation 

Scale: MLRA/State 
When available: 1997 

Inventory (NRI) 
crop

SAMSON: Solar and 

Network (239 stations 
with 35 years of data) 



• 
• 

• 
50 and “Levels of Concern” 

• (

• 

Interpreting time series for effects analysis 
Acute and chronic events, long-term 
exposures, other toxicological “events” 
Mortality 
– LC

e.g., 2 µg/L NOAEL or LOAEL concern threshold) 

– Mortality response curves 
Presented at SETAC 1999/2000 



• 
> 2 µg/L: 

• 
• 
• 

For events 

duration 
recovery 
magnitude 
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NOTE                                             
For tier 2 regulatory modeling, the output of the exposure analysis looks something like this: a curve showing the frequencies of exceeding different exposure concentrations. In this case, the plot shows the distribution of maximum concentrations from 56 exposure episodes over 11 years in a river subject to runoff from a hypothetical application, generated using PRZM and EXAMS. At the simplest level, one could relate this distribution to some measurement of ecological effect, such as the LC50 for the most sensitive fish tested, and determine the probability that the LC50 would be exceeded. For example, if the LC50 was 300 μg/L, it would be exceeded in approximately 10 percent of the exposure episodes—in this case, about once every two years
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Effects Linkages and Risk Characterization: 
Magnitude and Probability (ECOFRAM Implementation) 

NOTE                                                               
This is very useful information, but it is still based on a very simple measure of ecological effect, the LC50. We would like to estimate the probability of other levels of effect, not just the LC50 for one species of fish. For example, if we use the entire dose-response relationship for the species, rather than just the LC50, we can combine it with the exposure distribution to derive a relationship that shows the probability of different levels of mortality, not just 50% mortality. We can then characterize the risk with a statement such as, "There is a 20 percent probability of 10 percent mortality in this species" or "There is a 2 percent probability of 80 percent mortality in this species." We believe that this kind of risk characterization gives more useful information to the risk managers—those who must make decisions about the relative risks and benefits of the pesticide—than simply a ratio, or the probability of exceeding the LC50.




• 
– 
– 
– 

aquatic exposure 

Spatial distribution of 
use patterns 
acute events 
ranking of long-term 

concentrations 



• 
• 

– ( ) 
• 
• 
• (06/2001) Review of validation studies 
• (09/2001) 

methodology report (ECOFRAM/OPP) 

EXAMS User Manual (EPA/600/R-00/081) 
PRZM 3.12 Manual (responding to reviews) 

validation report at http://www.femvtf.com
BASS 2.1 Manual (in revision) 
AgDrift validation papers and Manual 

APM 131: Tier 2 probability-based 

NOTE                                                         
Note: uncertainty is being studied under 3MRA
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